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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor laser element of a constitution, wherein 
the crystallizabilities of a guide layer, an active layer and 
the like are raised and a long-wavelength laser beam 
can be obtained. 

SOLUTION: A nitride semiconductor laser element is 
constituted comprising a first nitride semiconductor layer 
having an AlaGa1-aN (0<a<1) layer being composition 
inclined so that the composition of Al is decreased as an 
N-type clad layer 4 and/or a P-type clad layer 9 
approach or approaches an active layer 6, the layer 6 is 
formed in a quantum well structure formed comprising an 
InbGal-bN (0<b<1) layer, and the laser element is 
constituted comprising a second nitride semiconductor 
layer having an IndGal-dN (0<d<1) layer being composition inclined so that the composition 
of In is increased as an N-type guide layer and/or a P-type guide layer 8 approach or 
approaches the layer 6, provided that being composition inclined so that the composition of 
the In is made less than that of In of a well layer in the layer 6. 
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T«ftOK-rfili« M=5r->Tt>PJ-T'tJ:<, 50 2~50»D£LT$r*fc*>. »S L<«i#F«fcKS 



1 1 

mt 9y*7 £ 3 01$ 0 ig IX t><0#* L §< ^ffi£ fi< 
[0039] ffittffl^FJiO I nfflj£it<Di«fc LT 

t>tihmmm%mt ixmfz z t a>"e# h . l*> 

ffijfcg^X^Mf- ( E A ) W I n G a N<7)A>- K^r-V 
»73t**^- ( E g ) 1. 0 iH7c0j: 5 < * 

[0 0 4 0] caiifflcothm^] 

Eg=(l-z) 3. 40+1. 9 5*-B;t (1- 
z) 

»S(nra)=l 240/Eg 

Eg : I n G a N#FIW<y K^f t Tl^-K- 

x : I riCOJMit 

3 . 4 0 ( e V ) : G a N<7)A>- -y 7"X*;Mf- 
1 . 95 (eV) : In N«V^ K^-v 7 7X^K- 
B:^--(y/A-7^-^-^L < l~6eVt-T 

M^*^>tfi^LT 1 e Vfc&fVOVfcjP, I niffljS; 
[0041] _hlE?> J: 3 lZ#pm<7) S I M S##f& fc* 

[0042] *&mz}S^T . 1/— fS^£fl§j£^l>± 

miiz^tmmmm?t>ti. ariz^n^o-mmo 
[oo43] ss?fi£*oE l oGaactcowcfcrFfcigi 

*m&<?)®ijft<r)jm£'j?%< t i>$&ttmz-*m±>ib 
x, mimm^eomm^mm ixm&tmi 
■thzt cr>z'$&fmmiT'&iiim< l zm%ziv&\\ 
mummiiz. m^wmwimtchnmt^hm 
mmm±iz. mmmm^mt^^ttiim^i 
iz<^mi^hmmim^m&t. *cr>±.& 
^m^mm z t izx o , ripm 

[0044] mmm&t lxiz. &\mmLwmwt 
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1 2 

7. xW(KMgAli04) Oid&feJSIiffig. s 
iC (6H. 4H, 3CSr#tf) » ZnS, ZnO, G 

aAs, si. wmmm#twft&-rzmim 
mm. m&htix^hmm*mtotm%hwm 
mim^&zttfx-zh. iM^x-tttL^mmm. 

fcLTfct -V-yTJTX-fo*). mzMtL<ii^yr^( 
Tff>cmX-b&. WiZ^ ELOG«9ftgSKfi»5:? 
10 5 -y 7<?>%!k£m±X'Z &m<?>&frb ,t7T^f TCOC 

mtfxr- Tttlz* y 7 y -2 ti. * y 7 v^a-fl e 
-'■•<-•> m3lZ->&$ : ix£ ")yV0. 1° ~0. 3* <3&Htf)i> 

co##4U*. ^77y/;Pft^*''o. i* *SfT'i>& 

r>. -ttyntfo. 3- imiht. elogm^ 
mitmmt*nmvm&AT-yTmz%<o , *<r>±tzm 
?®m&&2&&kx : rvy'tfm i mm2ix. m^m 

20 zzx. ±M<vmm:77v9\i.m3&ii^mL<m 
mz£&&&£*)mtifei><r)X'h*) . ELOG««rtgp 

[0045] ±ffitf> J: d 5:xf y T«(c^7 Ty/;^ 

~BM{m¥mtoZtfLmitxfrt>Bm-&. &mmt 
ixa. &m&mmizmitwmm i i$.si : L%^fr3.-fz 
\zmuz< ^mztt&ttmx'&tiimizmfczti 

«rv*. Mi.tflK^'f* (Sio«), g-fbT-^f* 
(si«N») , mt^^> (Tioo . mfcis/i-z- 

30 7A(ZrO«) IfcOKtt. ttiZti^m 

&zktf?zh.mL^mmtt®tixte. sio 

iRXf S i NsBWf 

-mazm^x. mfc<vimf;tt-thy*b-?A?s:ft 
40 s. mmowmz. wsm&it&M* mufFv 

Xhy^y. mmmmBViX-BfSX'Z . # * l < 

yyy y y-m (*ryr4Tcr>Am <,zmmz%&£o£ 
B&&ti&. itzmmm^tix^h^wmt. % 
mmmf8.ztix^wftcrmw®£ ^^uutm 
&m±Lxm%temztthmtm*mftmit: 

n&ZttfX'Zh. 

1 0 0 4 6 ] ttz. KgJgtfX h 54 rjB«T-J>l»^ 
50 ^ (JSS) O<Bt<0«««l, 1 0 : 3«±. 1!F4L<« 



1 3 

16-18 : 3Xhh. UWmoxYyJTWitm&e) 

*«^«<*d. &rm.mmm±.-?hzbtfx'* 

h. ®.mm<r)Zh747W,t LXlt. fflUi6-2 7u 
m. ntLKiil l-24^mT'$> 1 ?, W^b LX 

tt^ e l 0Gmtf±izm?®m*Bf8. i pwm<m* 

z^mzi&T$-£z>zttfX'Z. m?cr)im&*fa±z 
mriz&t tu, zozbu. mmiMrtwwfr 
mw^smt. m^±3^cr^^izitKxmT 

hmim^mi^m±tmij^(r>^mzx ->xm-&?&*$ 

KXh 0 Z<OX 3 *&£HBfrK£lll*>£ t 

0. Zcr>Smco±mz>J y ; Jjmkcr,xhy^rti<m&$ 

[oo47] emmu. wmmzwrnfoztix t «* 

£Bfrit-fS?>tciff2U\ temMW^vyrmblX 
ti, fllttf A 1 N. GaN. A 1 GaN, Mfl nGa 

Nmo^-ftifri 9 o 0-CWT2 o ox:&±<vmtx. 
^mmLma.(7)^m±-rh(7)izmu\ ss^ft 

iSrK-TLtGaN, i J H-7LfcGaNJ 

JflV*S£fc#r£. #£l<teTyF-:7V)GaNT& 

h. £tzztit><7)mm&mm±. ©a. #w*WK(i9 
ooic-i i oor:. #£L<«i oso-cc-Ay^T 

l~20,um, ff*L<<i2~l 0jumT-J>S. 

[0048] »:(cffi»ig^»€L^±fc, mitm*m& 

ZmtRtfUkZitX ELOGgfcZmZ,. Zff)t%&. J&R 
^SgftW^fcfc LXU. ryK-r^GaNXii 
4^11*1 (fyUfcfS i .. Ge, Sik Be. Zn, Mn, 
C r . fttf M g ) £ K-TLtGaNW^ . « 

&mib Lxu. mu£9 o ox>~i i o ox:, x Oft 
ftwwi i o 5 ox;{i&oaut?i££3e&. TOfctotf 

^mocvd (^«^js^mfflj«*ffi) trcBsyis 

tf. ffiW) J ELOG(Kfi<7)g^#Sf*T'gi?it^a 
OJfcftSrHVPE (/\?>f K£ffi££&) mX'f$.M2it 

xi>£\,\ 
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[ 0 0 4 9 ] & fc. G a NfflSt LT(i. ±E*S(Cjn 

i.T. mmm^iuz-m.mtitzmimi^mmzw£!] 

Zm^hZbtfX'hh. ttz. |gMkW#*CDaO 

WiWiSLLXtchhOZW^hZbifiX'^h. 
[0050] ±12<7)E LOGM±»;, S^flfjSfcfifcft 
10 nS3>^^b«2^ELOG»tel± 

; • SiS i • £-.•>«- V"* ft IhGai-hN • 0 
<h<l ) £f=fcL<<±h#0. 0 1-0. 

0 5<OAIbGai-hN^M§«. nfayj'^M 
#A 1 ££t*37C&&T'Bj£$ft£fc. ELOGSftcl 
tt^&?7-y7#?&£L-tVvtk. Wmty-v??) 

&mm±^& ; t *^T'^ . wizmtmm&x'b ->iz 

ELOGSSl b nM^l>77 VMb<n¥a^ti3$3kXff& 

wmm.cr>mmz & sni^y^ hm^wwm:-? y 

20 y^cr^im±-thZ\bifiX'^ntL\\ nM^ti 
<7)Y—yS.bLX\i, lX10 18 /cm3-5xl0'» 
/cm*X'h&. I<7)nl3y5'?M2l:nii«>l 
fi£$ill.„ nM3>^^hS2«0lSWi:LT«. 1-1 
0/imTj).?.. ^/C. ELOGI«Unl3y^?f- 
M2bC0mz^ TyK-T^A IhGai-hN (0<h< 
1 ) £fifcg£-eTi,i:<. ^cor>K-rcoil$rfi£^ 

mX'fot. 

30 [0051 ]»:(^ 7y vm±m3£nma>?7h 
m2±_lZfR£ : 2-£&. 7yv7W±JM3blXli. Si 
njGai-jN (0. 05SJS0. 2)^ 
»^L<<ij* { 0. 05~0. 08<7)InjG 
ai-jN^lSftS*S. Z\<7)?y ymjkM3l±. 
thZ\btfX'*&i>K 9y-?7m&m3ZnW.-i>97 

hm2±izmm-^> t . *^rtco^ 5 v?<r>mi*m± 

■t&Mzfti U\ S i <7>H-rSfc LT{±. 5 x 1 0 
'8/cm3T'*>S. ^7-y^l»±13^^$-li: 
6it£. I ntf)SAJt**#< ( J^0. D-tlb. 

<r)?T-7 4-tv vw-yvyfljvkmstt & z b 
m^^^gs^w^T'^ 1 ?. wi(««cwwio. 0 

5-0. 3//mt»S. 

[00 52] mz. n|E?5<yKl4S:^7 y^l»ihffl 

tzm r )x$>&. 

[0053] mz. nM-f FH 5 £ nfB? 7 y FJf 4 
50 ±{C(«S$^. nS^>f K®5kLT«, rotSUdl 



1 5 

[ 0 0 5 4 ] mz , vStt« 6 * nI*M 5±{C)Sft 

iSffiili: LTti. SrHLfcaO?**. 
[0055] &tc. pMm^ffltaftl 7 £vStt/16± 

pmnFrntitehmi t txa. m g k 

—ycOA 1 dGai-d N (0<d^l ) *»t>^rS^< t 

#0. 1—0. 50Mg K-T<9A IdGai-dNTfc 

patt^tii^ST^^i. 10-10 0 0* 
yyxha-A. $FiL<«5 0~2 0 03j-y^XHn 

7OMg<0K-TfifcL Ixi0 19 /cm3— 1X10 

fi£H2-e&pS!*H KS^gjW«H=«tt3*u MM 
mX'fohpmiH KJf8l;:Mg£lxl O lf /cm J - 
1 X 1 O l */cm*co$mX"k1iZit&Zb1j : X'Z&. 
*tcpmm?ffltT&b®7te. ffiiS. 0«;Uf85O-9 
5 OX;gJg<O^Jg$:j£ftS-£.&i&&fc POacoiag-OS; 

K ^^pM«-?St3^>«7«. (S$jfcK<oJffc. hK 
A. Wx{fi£ttS<Oj£*SJKJ: 0 1 o o-cgg<o?&gT- 
f8MZitimtcr>2mfrt>mj8.ZtLX^Xi>Xi\ Zcr> 
Xolz. 2mx-ffi&ZtLX^&t. ffifi£*coJI#}£tt 

ssn^^K <£fflj&i««i 10-50 *>yx v o- 

A, iSiajfcg)l{±5 0-1 5 O^y^X hn-A##2 
U\ 

[0056]^. P fi#4 HJBStpfi^^tiW) 
J§7±fcj&K£-£.&. pa*'^H«8i:LTJi, ffieL 

[00 571&C. pM^7-yK«9^pM^ Hffl8 
pI?57 KJifcl/CfcL ISSEtfcffl 1 ) 

X'h. 

[0058]&fc. pSny^^Ml 0&p£??? 
KJ19±£lfcR$-t*-6. pMrjy^^h«fcLT(±. M 

tchl><T)X'hh. mmil 0-2 0 0^y/XhD-A 
T&S. MgC0K-TSJilxl0 19 /cm 3 -lxl 
0 2 Vcm3T'*>l.. -KOio&JiiMg^K-Tft*- 
MS^-^Cit{cJ;0. pSny^^ha^A-'JTig^ 

[0059] *5tty<?m?£t5^X . 'J y i^KcOX h 

7-fT(i, pffiay^^hS^^x-yf-y^itTpS 
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oyfivmiofrttvmtvv m9<rM&$.x-x.»/ 

1->?LX+s:&XVy47^ XI±pM3>?7 h® 1 0 
[0060117^ LT^j££*Ut 'J >y >-'^«<0X 

xvy^r(ommmi l zm^tihmmtLx\t. mt 
io \f.jmm i m. 6-2. 3fl-jScoffi£3-r&. s 

l,V,Zr,Nb,Hf. Taio^s»*^aa?$ 

mtrnf t>ti. m t<u. z v^wfawm(n 
mi o<n$m£pw&m&ztii>. i-yfy/uf 

j£S#l£'J yi^cOXh^T?>«gfcl.T(;t 0. 5 
-4jLtnu ff^L<{il — 3/imT'J)l)„ Xb^TW 

ilTUS t , 7X^? hit?: 1 lzmr3V&<Mzft& L 
^. tLhW J; 0 £ s y •y> ; ^tt<7)Xb7'fT«OX-/f-y 

xhyjrw,. Zhizxhurnwrnvyim 
%t>ti. ZMzTx^-rvttznmziZrmhtjx. v 

30 [0061]*^. *yWllci>V >T , g^^*^fiE 
^(i, MOVPE (WfiS^Jg^ffl^ffi) . MOCVD 

(««^Sfl:^mfflBEfiffi) . hvpe v$m 
&%m) , mbe (ft=mxv9*is-m) m. wm 
^mm^^i>coizmtix ^zzxco-mzm* 

X'%&. 
[0062] 

immm: aT^micr>-mmmmx'hhmmm^ 
^r. Lfri*wmz\i\izmif!.zti%\\ 

[0063] [|yt«l] SatMltLT. HlfcjRS 

[0064] ^MX&Lt LX » H3^-rj;9(cXx y 
)^e = 0. 15' . Xf yTS^fcJ:-e2 0^y7'X 

hD-A s r^xiiWfcji-esoo^y^xho-^T- 
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1 7 

EO&BSSrtt-fe >y h L. m.* 5 1 0°Ct LT . * ^ 'J 
TtfXtCykfSI. ra*'X{CT>-t-TtTMG ( h 

9&SffiiSJfcK<9y<-y 7 rJf £ 2 0 O^y^X ho-A 

#>T, SJKSr 1 0 5 OT:*"CJb#;&-£. 1 0 5 OT^cS- 
WXCTMG, 7yt-7, i/7^J 
fflV\ TV K-7<^)G a Ni>^4 &SM^a' 7 7 T 

m*5um<nimx'®M:Z*kh. mz. i«*gj&g<y)y\'-y 10 
7 r 1 £«Jg Lfc x -' vhirrx h 5 A Ttf&y tb7 
a ? ZfflL L ., C V DgfiiC i»)Xh7 -f TIB 1 « .'< 
m, ^£OiIi3^mWSiO2j:0"^i.iKa)K5:O. 1 
mcoKJf -C'^-r ^ . {RgffijcDX h y A TUWZV7 
T AffltC^ LTfiiI^7f|6)T'$)S. ftflWAflL 
•7x<-'\£KJS$8<£BPU 1 0 5 O'ClCT. ^tfX 

ctmg, ry^-Tzm^. ry f-7<7>g a Ni"? 

&6^fl:!|W»ftJf £ 1 5// mcr>mm TfS.m&E LO 
Gffit£lfc-f£. ^^>tutELOGfflgl±fcJSlT<0* 

mmmmm^i. 20 

[0065] (7yK-7nlny3'?H) [HltC 

ELOGISUC, 1 0 5 0X:X*m$\*fXlZTfAA 
( h'J^^/PT^S-^A) % TMG. 7y*-T#X 
Srffl^T >• K-7*<?5 A 1 0. 05 G ao. 95 N J: OTirS n 

(nl3^^M2)»:C |SR»<9iS£T\ jOKE^X 
CTMA, TMG&tf7y*-T#X£ffll\ ^fittfttf 
X\,Zi/y>i3X (Si H4) £JBV\ Si£3xl0 18 
/cm 8 K-7*L*:A I o. osGao. 95 N J: O&S nf3 30 
y?? h®2^3//mtOBIffT'BS;^-tti». ifcftSiUt 

nS3y??h-Jl2tekL i»?7 7^14LTfc 

£>1\ msfcfy yrcomLtf&mzmkztix^h. 

ELOGa&Sltcmiffl^^^-y^^tT^T 

hM£&&Zit&Z.blz&*)£*)&18-t%&. 
[0066] (7y y?ffi±®3) iSJg£800 40 
"CtCtT. fifttfXtCTMG. TM I (HLMf-zMy 

S^A) at/ryt^r^fflvK ^tfcfttfxfc^ytf 

Xfcffll^ S i$r5xiO ,8 /crn 3 H-7°L^I n 
o.68Gao.92NJ: O&S^ y^fi&itJf 3£0. 15// 

[0 0 6 7] (nI?7 7K!4) ftK. iSJg£ 1 0 5 
O-CKLT. KftXfXfclTMA. TMG&lXryt-T 
SrfflVK yyY-TOiK lo.isGao.ssN^O&SSIl 
WBftSMI 8 *** 2 5*y^x ho-A«>lWTifcft$ 
tf» «fcvC, TMAfcjktf). ^fflS#XJ:Uy7^ 50 
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X£fflV\ S i £5X 1 0 18 /cm3K-7"L3tGaN 
J; 0 3 03fiHlffl#*{*£ 2 5^y/xh u-Kay 

mmx-i8.M : 2it&. tlx. ;«^fiii4o 

HM >> ji LTSS 1 ?)^MJj¥®fci:Sf53 
£«JfU ^Kl?7 0 0 0^y^xho-Ac7)^Jl|g 
(iW^jS) ctO^Sn^5 yH«4^^$-fr 

5. {§L. 2@@im^lc7)a-ft%^f*:OA lffl^t 
fci. ® * Ic^fSr < tch J; d tcgm# xotm Acr>g£ffl£ 
SSLT. 14 0IIia<om^!giW^fc£kt Ai 

it^rk a N fc J; o (C A 1 fflj£#fflj£#i 

[00^8 j .r'rkm vm5)mz. mmzssov 

IZlX. HMXCTMI, TMG&l/7*y*-7£$ 

¥mm2 5*yyxbo-j>(r)fmx'mz j tt. 8» 

X. TMl5rita6. T>H-TcOGaNj:0 : 2r&^4(7) 
2 5*y?X ha-&<7)®mX'f8.mit 

6. *LT. ^«^S:-eixm4 0|11^0iRLTIB2 
0^!f^gf*:i:|g4£7)g'fbfe^*^SSL, ISStff 
2 0 0 O^y^X i-n-Ac^JHSJU: 9 3:4 nS/7M 

2coS^^*cod<y)ffi*io. lfc^Sidfc. in 

mmmmm^ixx^h. 

[006 9] (rStt®6) ^(z. SJ££8 0 0-a::L 
T. Jg^*'XtTMI . TMGaLfry^-T^K 
^tfMtfX b LX isy X*'XSrfflV\ S i £ 5 x 1 0 1 8 
/cm'K-7LtI no.oiGao.ggNiO^S^S® 
5:1 0 0^-y^Xho-Aco)U![7:'^$-ti-.S». 

r, i/yytfxztob^ ryv-ycoi no.3Gao.7N 

**. ;^s#£4Ihii*0jRL, mmzmmmzmmt 
ti®sm6 2o*y7xbv-j><7)$>m&?#Fmm 

(MQW) c7)viS14« 6 SrJfcRS *S . 

[0070] ( prnm^mt^mD mz. mm^ 

/VV^v^A) Mg?rlxl0 18 /cm 8 K 
-TUcA 1 0. 4 G ao. e 0^:1. PM€-Trat)ia6® 
71: 1 0 0 ^V^X h D-A£OMffT')S^^ -t^S . 
[0071 ] (p£#4 HS8) jaS£850"C 
(CLT. JS^yyx^TM I . TMGavryt^r^ffl 

TVh'-r^I ndGai-dNJ:')^^?B2COM^ 

¥^f*S:2 5*y^x ha-Acofmvm^. «^ 
T, TMI5:.ihM). ^*"fi^'XfcLTC Pi! Mg?:ffl 
W MgS:5xl O^/cmSK-TL^GaNiO^r 
•5^40Sil:il*|if^«££ 2 SjfyT'X hn-A.cofmX' 

mz-th. tlx. znumztiztiA ommm 
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U ^MJ?2 0 0 0^y^xho-Ac7)^®lll t }:0^ 47$.<7)mi<r)8mti&6 IBim. ??J£R I EfcJ: 9 S 

SpffiXM Kl£liaSS-£S. (IU 3f52<7)gftW^ i c 1 4#x£fflwc plny^nilO, iiitf 

fttfOI nffl^Jt$:^-td<7)fi5r. lSBJiO. 1 1 U pUly-v K®9^Xy^y^LT, Xh5-fntBl . 

2®BjyB*iffe«fctt£>Jv£< LT^#. fiittJlfcgt> 8jum<7D',> •y> ; jm)i<7)Zh7jTZBf&-?&. fflU 'J 

^V^2^-ftfe#^*OdWffl* i 0t^r&J:dC 1 y>-'^<OXh^TkL 01£^J:3K, ELOG 

[0072] (p1?77K19) mz. 900 'l>gB#£gtf£ J: o UzBtfLZtli . V yi/XhyJTB 

VlZlX. WM#X£TMA. TMGR.XSTy*-T£ j£f£. ^x-^fc PVDSBBfc^SiU 04 ( e ) 

fflK 7:/K-7**>Al.Gai-.NJ:»)$r4J&l©SHI: r«fc5fc, ZrgHbB) (ifcLTZrOa) iO&SSfS 

1W s »ft*2 5*>'^hn-Atf!>IWPlfi*S*. « 10 2cr)mm62Z. fl(«61«J:i:, Xyf-y 

i- v. W;g £ ,_ > y 1 0 : ' <c m 3 V-TLfzG a N J; 9& . W^iST'jf ggL TJftiSft S ; ^i? 7 •• SHfcfer® 

hW.2nmcwtmw*25*>yxvu-j>.(r)mMX' m-ht. p-nmntmzthtzftt^m^-wm 

Mixmi<om{tmmtot%3<omwwmto&m® izmi. 04 < t ) c^-ri nz. micomme 1 

ts ^KJ57 0 0 0^y7'Xhn-A^®IS <s@l^P £'J7h:*7£tcJ:DI&£-r&. 

flljl) J:0ft4pS?77K|9*«fi?t6. {IU [OO76]&(;:04 (g) izzfc'f'i.oiz p«3^ 

^l^tfe^*c7)Alffl^Jt^-ra«7)fflSr. 10 nil 0«OjL<omcr)fcg§S6 la^SfrtltmL 
BttOfcU 2BBfimi&«ta<Z)tt£;fc£<L-o* pIH 3 y bJfcoflffilcN i/Au JO&Sp 

vS1t«{^t>SV^lc7)^t!B5^^a<Dffl^' 20 «H2 0 £»j£-f&. fflLp«|i2 Ott 1 0 0um<7)X 

0. 1 5t^SJ:9{^ Alffl^*fffl«ffl#f$it-C^ t>7>f7lgfcLT. d^Ht^-fiptC, ^2<o«ai 

6. 6 2C0±(CS->T^)S1-S. ^2c7)fi^lS6 2«j£&, 

[0073] (play^^Mi o) |3ltt^)ffl 0Uc*$ixl.J:3(cStU$*3tn|ffl3y^^M2<7) 

«T\ MfttfXfcTMG&tfTyt^TSrJfil^ ^FJfctt ^MWiT i /A I i. 03: £ nfgf||2 1 5:7. Yy^7"t 

*'XtUCp 2 Mg^\ Mg£lXl0 2 <>/cm3 Wrfc^T^jfrTS . 
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♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the nitride semi-conductor (InXAlYGal-X-YN, 0 <=X, 0<=Y, X+Y<=1) 
component with which this invention is used for electron devices, such as photo detectors, such as light 
emitting devices, such as LED (light emitting diode), SLD (super luminescent diode), and LD (laser 
diode), a solar battery, and a photosensor, or a transistor, and a power device, - being related — blue 
(near about 400nm) with especially good optical confinement — a long wave it is related with the 
nitride semiconductor laser component from which merit's laser beam is obtained. 
[0002] 

[Description of the Prior Art] In recent years, this invention person etc. has proposed the usable nitride 
semiconductor laser component. For example, oscillation wavelength is indicating the nitride 
semiconductor laser component from which the laser beam near 400nm is obtained to Japanese Journal 
of Aplide Physics. Vol.37(l 998) pp.L309-L312. This component forms partially the protective coat 
which consists of Si02 on the GaN layer grown up on sapphire. It is a substrate (it may be hereafter 
called an ELOG substrate) about a nitride semi-conductor with few crystal defects (it may be hereafter 
called a rearrangement) acquired by carrying out selective growth of the GaN by vapor growth, such as 
metal-organic chemical vapor deposition (MOVPE), again from moreover, and growing up GaN of a 
thick film. It carries out and comes to have the barrier layer of multiplex quantum well structure on this 
ELOG substrate between n mold cladding layer of a multilayers layer (superlattice layer), and p mold 
cladding layer of a multilayers layer (superlattice layer) at least. The laser component which has such 
component structure can attain the continuous oscillation of 10,000 hours or more. 
[0003] Furthermore, this invention person etc. is studying utilization of the nitride semiconductor laser 
component from which the laser beam of the long wavelength near 450nm is obtained, using a nitride 
semi-conductor, a long wave - making [ many ] In presentation ratio of a barrier layer theoretically in 
component structure given [ as an approach of obtaining merit's laser beam ] in for example, above- 
mentioned J.J.A.P. - a long wave - merit's light is obtained. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although it will be necessary to include In also in a 
guide layer and to adjust the refractive index of the guide layer to a barrier layer so that the light which 
emitted light by the barrier layer can guide the between from n mold guide layer to p mold guide layer 
good if In mixed-crystal ratio of a barrier layer is made high Compared with the case where a guide 
layer is formed, the crystallinity of the guide layer of In content will fall to above-mentioned J.J.A.P. 
very much by GaN of a publication. If the crystallinity of n mold guide layer falls, the crystallinity of a 
barrier layer will also fall and good luminescence will become is hard to be obtained. Moreover, loss of 
the light in a guide layer, absorption, dispersion, etc. will arise by the crystalline fall of a guide layer. 
Furthermore, if In mixed-crystal ratio of a barrier layer is made high, in order for crystallinity to fall, the 
half- value width of the wavelength at the time of spontaneous emission becomes large, and it is hard 
coming to make peak wavelength into a laser beam, furthermore - again - a long wave - in order to 
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carry out laminating growth of the n mold guide layer to which the crystallinity of In content tends to 
fall on n mold cladding layer of aluminum content into which a crack tends to go in the case of merit's 
laser component, it is quite difficult to raise the crystallinity of n mold cladding layer. 
[0005] Moreover, these people are indicating using a guide layer and a cladding layer as superlattice in 
order to raise the crystallinity of a cladding layer or a guide layer to JP, 10-33 5757, A. However, with a 
technique given in the above-mentioned official report, although it is effective, if wavelength is further 
made into long wavelength to the component from which the laser beam near 400nm is obtained, even if 
it must make [ many ] the amount of In presentation of a guide layer and will use a guide layer as 
superlattice, satisfying enough crystallinity is not acquired. 

[0006] thus, a long wave - in order to obtain merit's laser beam, the crystallinity of the barrier layer 
which made high the guide layer containing In and In mixed-crystal ratio is raised, half-value width of 
the wavelength at the time of spontaneous emission is narrowed, and to prevent loss of the light in a 
guide layer etc., absorption, and dispersion is desired. 

[0007] Then, the purpose of this invention is offering the nitride semiconductor laser component which 
crystallinity's, such as a guide layer's and a barrier layer's, can be raised and can obtain the laser beam of 
long wavelength. 
[0008] 

[Means for Solving the Problem] That is, this invention can attain the purpose of this invention by the 
configuration of following the (1) - (3). 

(1) In the nitride semiconductor laser component which has n mold cladding layer, n mold guide layer, a 
barrier layer, p mold guide layer, and p mold cladding layer at least on a substrate As said n mold and/or 
p mold cladding layer approach a barrier layer It comes to contain the 1st nitride semi-conductor which 
has AlaGal-aN (0<=a<l) by which the presentation inclination is carried out so that aluminum 
presentation may decrease. Said barrier layer is the quantum well structure which comes to contain 
InbGal-bN (0<=b<l). A presentation inclination is carried out so that the presentation of In may 
increase, as said n mold and/or p mold guide layer approach a barrier layer. However, the nitride 
semiconductor laser component characterized by coming to contain the 2nd nitride semi-conductor 
which has IndGal-dN (0<=d<l) by which there are few presentations of In than the presentation of In of 
the well layer of a barrier layer, and they are made. 

(2) The nitride semiconductor laser component according to claim 1 characterized by being the 
multilayers layer to which said n mold and/or p mold cladding layer come to carry out the laminating of 
said 1st nitride semi-conductor by which the presentation inclination is carried out, and the 3rd nitride 
semi-conductor with which the 1 st nitride semi-conductor differs from a presentation. 

(3) The nitride semiconductor laser component according to claim 1 or 2 characterized by being the 
multilayers layer to which said n mold and/or p mold guide layer come to carry out the laminating of 
said 2nd nitride semi-conductor by which the presentation inclination is carried out, and the 4th nitride 
semi-conductor with which the 2nd nitride semi-conductor differs from a presentation. 

[0009] that is, this invention improves crystallinity, such as a cladding layer, a guide layer, and a barrier 
layer, by [ which approach the presentation of In of n mold and/or p mold guide layer, and a list in the 
presentation of aluminum of n mold and/or p mold cladding layer at a barrier layer ] it being alike, 
taking, and changing gradually, that is, carrying out a presentation inclination - making ~ a long wave - 
- the nitride semiconductor laser component from which merit's laser beam is obtained can be obtained. 
[0010] In order that this invention person etc. might raise crystallinity, in addition to there being an 
inclination to become easy for crystallinity to fall, since the difference of the lattice constant of AlGaN 
and InGaN was still larger, the distortion of a crystal became large in the plane of composition of a 
cladding layer and a guide layer, and many things were considered that crystallinity will fall remarkably, 
when In and aluminum were included in GaN as a result of examination, this invention person etc. made 
crystalline improvement attain based on this consideration by decreasing distortion which it is carrying 
out a presentation inclination, and the difference of a lattice constant is gradually changed within a 
cladding layer or a guide layer, and is produced into a crystal in the inside of each class, and the 
interface of a guide layer and a cladding layer. 
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[001 1] Although it is known that a threshold will become low by making a presentation incline and 
considering as GRIN-SCH structure in the semi-conductor of a GaAs system conventionally, even if it 
includes aluminum in GaAs in this case, the difference of a lattice constant is small and distortion of a 
crystal seldom produces it. 

[0012] On the other hand, this invention solves by easing distortion which changes the difference of a 
lattice constant gradually by making the presentation of a cladding layer or a guide layer the 
characteristic trouble in a nitride semi-conductor called the crystalline remarkable fall produced when it 
is going to attain the oscillation of the laser beam of long wavelength using a nitride semi-conductor 
incline, and starts a crystal, although the presentation inclination which can serve as GRIN-SCH 
structure as a result is carried out. In this invention, as a layer by which the presentation inclination is 
carried out Although the presentation inclination of either [ either / at least / n mold or p mold cladding 
layer and / at least ] n mold or p mold guide layer should just be carried out, preferably When the 
presentation inclination of n mold or p mold cladding layer, and n mold and p mold guide layer is 
carried out and the presentation inclination of n mold cladding layer, n mold guide layer, p mold 
cladding layer, and the p mold guide layer is carried out more preferably, it is desirable in respect of 
improvement in crystallinity. 

[0013] Furthermore, this invention serves as the structure and GRIN-SCH structure where a refractive 
index becomes large gradually as a barrier layer will be symmetrically approached on both sides of a 
barrier layer, if the presentation inclination of n mold and the p mold guide layer is carried out at n mold 
and p mold cladding layer, and a list, in addition to crystalline improvement, light can be shut up 
effectually, and a threshold falls. Thus, while crystallinity improves, when a threshold falls, it much 
more becomes easy to carry out laser oscillation in long wavelength. Moreover, as mentioned above, if 
the refractive index serves as symmetry focusing on the barrier layer, a part with the high carrier 
concentration which carries out the inverted population, and the part which gain produces will be in 
agreement, and luminous efficiency will become good. If the presentation of In is made to increase 
gradually as a barrier layer is approached by such presentation inclination, i.e., a cladding layer, the 
presentation of aluminum is decreased gradually and a barrier layer is approached in a guide layer Since 
the difference of the lattice constant of a crystal becomes small in the interface of a cladding layer and a 
guide layer For example, whether crystallinity carries out the laminating of the n mold guide layer of 
crystalline unstable In content on n mold cladding layer of unstable aluminum content or it carries out 
the laminating of the p mold cladding layer of aluminum content on p mold guide layer of In content, it 
can be made to grow up with sufficient crystallinity. 

[0014] Furthermore, n mold and/or p mold cladding layer of this invention are desirable in respect of 
improvement in crystallinity by it being the multilayers layer which comes to carry out the laminating of 
said 1st nitride semi-conductor by which the presentation inclination is carried out, and the 3rd nitride 
semi-conductor with which the 1st nitride semi-conductor differs from a presentation. Furthermore, n 
mold and/or p mold guide layer of this invention are desirable in respect of improvement in crystallinity 
by it being the multilayers layer which comes to carry out the laminating of said 2nd nitride semi- 
conductor by which the presentation inclination is carried out, and the 4th nitride semi-conductor with 
which the 2nd nitride semi-conductor differs from a presentation. 

[001 5] In this invention, if it is a presentation inclination and n mold and p mold cladding layer, and n 
mold and p mold guide layer are used as a multilayers layer, for crystalline improvement and the fall of 
a threshold, it is desirable and, in addition to the continuous oscillation of the laser beam of long 
wavelength, continuous oscillation can be performed more for a long time. 
[0016] 

[Embodiment of the Invention] This invention is further explained using drawing 1 . Drawing 1 is the 
typical sectional view of the nitride semiconductor laser component which is the gestalt of 1 operation of 
this invention. On the nitride semi-conductor substrate (ELOG substrate) 1 made [ drawing 1 ] to come 
to carry out selective growth on sapphire The undoping n mold contact layer 2, n mold contact layer 3 of 
an impurity dope, the crack prevention layer 4, n mold cladding layer 5, n mold guide layer 6, a barrier 
layer 7, p mold electronic confining layer 8, p mold guide layer 9, p mold cladding layer 10, and p mold 
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contact layer 1 1 The nitride semiconductor laser component which has the stripe of the ridge 
configuration which comes to carry out a laminating to order is shown. And as for this component, the 
presentation inclination of either [ at least ] n mold of a cladding layer and a guide layer or p mold is 
carried out. Moreover, p electrode is formed in the maximum upper layer of the stripe of a ridge 
configuration, and n electrode is formed on n mold contact layer. 

[0017] First, as n mold cladding layer and p mold cladding layer of this invention, it is the nitride semi- 
conductor which includes aluminum presentation at least, and either [ at least ] n mold or p mold 
cladding layer should just be the nitride semi-conductor by which the presentation inclination is carried 
out so that it may decrease as aluminum presentation approaches a barrier layer. Specifically, at least on 
the other hand, both come preferably to contain the 1st nitride semi-conductor which has AlaGal-aN 
(0<= a< 1, preferably 0<= a< 0.7) close to a barrier layer of n mold and p mold cladding layer by which 
the presentation inclination is carried out so that it may be alike, therefore aluminum presentation may 
decrease, if GaN which does not contain aluminum in the part which the nitride semi-conductor of the 
above 1st lessened gradually the value of a of a formula close to a barrier layer shown that it is alike, it 
follows and aluminum presentation decreases by AlaGal-aN, and approached the barrier layer most is 
grown up - crystallinity and optical closing - it is desirable at a deeper point. Thus, by making it small, 
a lattice constant can be changed gradually, distortion of a crystal within a cladding layer can be made 
small, generating of the crack in a cladding layer can be prevented, and crystallinity can be raised as 
aluminum presentation is made to approach a barrier layer. Furthermore, by lessening aluminum 
presentation in a cladding layer most by the interface of a cladding layer and a guide layer, the 
difference of the lattice constant of a cladding layer and a guide layer can become small, can reduce 
distortion produced into the crystal in an interface, and can make crystallinity good. 
[0018] As an approach of carrying out a presentation inclination so that it may decrease in the nitride 
semi-conductor of the above 1st as aluminum presentation approaches a barrier layer So that the amount 
of supply of the material gas which serves as aluminum presentation at the time of the growth of a 
cladding layer shown, for example by AlaGal-aN may be made gradually few by n mold cladding layer 
and it may be made [ many / gradually ] by p mold cladding layer on the other hand, although not 
limited especially The laminating of two or more 1st nitride semi-conductors with which aluminum 
mixed-crystal ratios differ is carried out, and aluminum presentation of a cladding layer is made to 
incline by adjusting closing motion of a bulb or carrying out the laminating of two or more 1st nitride 
semi-conductors with which aluminum presentations differ. 

[0019] furthermore - if a presentation inclination is carried out as mentioned above again, since the 
refractive index becomes large gradually toward the barrier layer - light - shutting up - being easy ~ if 
the presentation inclination of n mold and the p mold cladding layer is carried out preferably, on both 
sides of a barrier layer, it becomes symmetrical, and light will close effectually and eye ** will become 
good. 

[0020] Furthermore, in this invention, it is desirable that it is the multilayers layer which comes to carry 
out the laminating of the 1st [ of n mold cladding layer and p mold cladding layer ] nitride semi- 
conductor which comes to carry out the presentation inclination of both preferably at least on the other 
hand, and the 3rd nitride semi-conductor with which the 1st nitride semi-conductor differs from a 
presentation. In this invention, although it will not be limited as 3rd nitride semi-conductor especially if 
the 1st nitride semi-conductor differs from a presentation, rather than the 1st nitride semi-conductor, 
bandgap energy is a desirable small nitride semi-conductor, the nitride semi-conductor which 
specifically consists of IneGal-eN (0<=e<=l, a<e) is mentioned, and it is GaN whose e is 0 preferably. 
Thus, he is trying for aluminum presentation to become small when it considers as a multilayers layer as 
two or more 1st nitride semi-conductors in a multilayers layer approach a barrier layer. Although 
especially the thickness of a monolayer in case a cladding layer is a multilayers layer is not limited, 
100A or less, it is 50A or less still more preferably, and is 10A or more 70A or less more preferably, 
crystalline improvement according that it is the multilayers layer in which a cladding layer comes to 
contain the 1st nitride semi-conductor by which the presentation inclination was carried out to a 
presentation inclination ~ in addition, the thing for which it is thin and single thickness of each class 
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which constitutes a multilayers layer is preferably made into the above-mentioned single thickness - 
below the elastic criticality thickness of a nitride semi-conductor - becoming - generating of a crack — 
preventing — being easy — the good cladding layer of better crystalline membraneous quality can be 
grown up. Moreover, closely [ 0 ] that is, a nitride semi-conductor with few In presentations, for 
example, the 3rd nitride semi-conductor, carries out an operation [ like a buffer layer ] whose 3rd 
especially crystalline good nitride semi-conductor of GaN is to it being GaN, the 3rd nitride semi- 
conductor becomes easy for e to grow the 1 st nitride semi-conductor of AlGaN with sufficient 
crystallinity, and the crystallinity of the whole cladding layer improves. Moreover, InAIN, InGaAIN, 
etc. may be used as 3rd nitride semi-conductor. 

[0021] In this invention, although especially the thickness of n mold cladding layer is not limited, it is 
1.5-0.1 micrometers still more preferably 2 micrometers or less more preferably 3 micrometers or less. It 
is desirable in thickness being the above-mentioned range in respect of the fall of forward voltage (Vf), 
and crack initiation prevention. Moreover, in this invention, although especially the thickness of p mold 
cladding layer is not limited, it is 1-0.05 micrometers still more preferably 1.5 micrometers or less more 
preferably 2 micrometers or less. A field condition becomes good for thickness to be the above- 
mentioned range, and it is desirable in respect of crack initiation prevention. 

[0022] In this invention, in order that n mold cladding layer and p mold cladding layer may make a bulk 
resistor low and may reduce forward voltage, it is desirable that the impurity is doped. The impurity may 
be doped by which layer which constitutes a cladding layer, for example, with becoming small as 
aluminum presentation approaches a barrier layer, when a cladding layer consists of the 1st nitride semi- 
conductor with which the presentation inclination of the aluminum is carried out, even if it has a 
constant rate doped regardless of change of aluminum presentation, it may be adjusted and it may be 
doped so that it may decrease as a barrier layer is approached. As the approach of the dope of a desirable 
impurity, there is an inclination for being doped so that it may become small to lessen light absorption 
near [ by the cladding layer ] a barrier layer, for optical loss to fall, and for a threshold to fall as a barrier 
layer is approached. Furthermore, when it has decreased as the impurity of a cladding layer approaches a 
barrier layer, the interface of a cladding layer and a guide layer has few impurities, and they are 
desirable to it at the point which makes small distortion produced into a crystal. 
[0023] Moreover, when a cladding layer is a multilayers layer which comes to carry out the laminating 
of the 1st nitride semi-conductor by which the presentation inclination is carried out, and the 3rd nitride 
semi-conductor, an impurity is doped by one of layers, or both layers, it crawls on it preferably, it is 
doped by a gap or one side, and is more preferably doped by the 3rd nitride semi-conductor. When 
doping an impurity to a cladding layer, and the 3rd nitride semi-conductor consists of GaN and the 
impurity is doped by this 3rd nitride semi-conductor, it makes low a bulk resistor and is desirable, 
without reducing crystallinity. When the impurity is doped by both nitride semi-conductors, even if the 
amounts of dopes of an impurity differ, even when they are the same, they are good, and it is desirable 
that the high impurity concentration of the single nitride semi-conductor layer which adjoins in two or 
more layers which constitute the multilayers layer differs. 

[0024] As an n mold impurity used in this invention, Si, germanium, Sn, S, O, etc. are mentioned and 
they are Si and Sn preferably. As a p mold impurity used in this invention, Mg, Zn, Be, and calcium are ' 
mentioned and it is Mg preferably. 

[0025] n mold high impurity concentration of n mold cladding layer is 5x1017 to 5xl019-/cm3 more 
preferably three or less 5xl019-/cm three or less lxl020-/cm. High impurity concentration is desirable 
Vf and in respect of crystallinity in it being this range. When n mold impurity changes with the 
inclination of aluminum presentation, it is suitably adjusted within the limits of the above-mentioned 
high impurity concentration, p mold high impurity concentration of p mold cladding layer is the same as 
that of the value of the above-mentioned n mold high impurity concentration. When changing with the 
inclination of aluminum presentation of p mold high impurity concentration, it is suitably adjusted 
within the limits of the above-mentioned high impurity concentration. 

[0026] Next, as n mold guide layer of this invention, and a p mold guide layer, to be the nitride semi- 
conductor which includes In presentation at least, and what is necessary is just the nitride semi- 
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conductor by which the presentation inclination is further carried out so that either [ at least ] n mold or 
p mold guide layer may increase as In presentation approaches a barrier layer. Preferably, specifically, at 
least on the other hand, it comes to contain the 2nd nitride semi-conductor layer which has IndGal-dN 
(0<= d< 1, preferably 0<= d< 0.6) of n mold and p mold guide layer by which the presentation 
inclination is carried out so that In presentation may increase as both approach a barrier layer. The 
amount of In presentation of the 2nd nitride semi-conductor is adjusted that it is less than [ the same 
amount / at least / many and more desirable than the amount of In presentation of the well layer of a 
barrier layer, or it ]. 

[0027] The nitride semi-conductor of the above 2nd enlarges gradually the value of d of a formula 
shown that In presentation decreases by IndGal-dN, and forms most guide layers of In presentation in 
the part which approached the barrier layer most as it approaches a barrier layer. Thus, by carrying out 
the presentation inclination of the In presentation, the difference of the lattice constant of the cladding 
layer in an interface with said cladding layer and the lattice constant of a guide layer can serve as min, 
distortion concerning a crystal can be eased, and the crystallinity of p mold cladding layer grown up on 
n mold guide layer grown up on n mold cladding layer and p mold guide layer can be raised. 
Furthermore, since he is trying for In presentation to increase most within a guide layer in the guide 
layer of the part which is most close to a barrier layer, the crystallinity of a barrier layer including many 
In presentations can also be made good. If the crystallinity of a guide layer improves, in case the light 
which emitted light by the barrier layer will guide a guide layer, loss of light, absorption, or dispersion is 
prevented, light closes, and eye ** improves. 

[0028] As an approach of carrying out a presentation inclination so that it may increase in the nitride 
semi-conductor of the above 2nd as In presentation approaches a barrier layer Although not limited 
especially, the amount of supply of the material gas which serves as In presentation like the above- > 
mentioned cladding layer at the time of growth of the guide layer shown by IndGal-dN So that it may 
be gradually made [ many ] in n mold guide layer and may lessen gradually in p mold guide layer on the 
other hand The laminating of two or more 2nd nitride semi-conductors with which In mixed-crystal 
ratios differ is carried out, and In presentation of a guide layer is made to incline by adjusting closing 
motion of a bulb or carrying out the laminating of two or more 2nd nitride semi-conductors with which 
In presentations differ. 

[0029] furthermore - if a presentation inclination is carried out as mentioned above again, since the 
refractive index becomes large gradually toward the barrier layer -- light - shutting up - being easy - if 
the presentation inclination of n mold and the p mold guide layer is carried out preferably - a barrier 
layer - inserting - symmetrical - becoming - effectual - light - shutting up - although - being good 
- becoming . furthermore, a barrier layer will be approached, if the presentation inclination of n mold 
and the p mold guide layer is carried out and the presentation inclination of the above-mentioned n mold 
and the p mold cladding layer is carried out - alike - following - from a cladding layer ~ gradually - a 
refractive index - large - becoming - crystalline improvement - in addition, light can be shut up good 
effectually and it is desirable. 

[0030] Furthermore, in this invention, it is desirable that it is the multilayers layer which comes to carry 
out the laminating of the 2nd [ of n mold guide layer and p mold guide layer ] nitride semi-conductor 
which comes to carry out the presentation inclination of both preferably at least on the other hand, and 
the 4th nitride semi-conductor with which the 2nd nitride semi-conductor differs from a presentation, 
also consisting of InfGal-fN (0<=f<l) or AlgGal-gN (0<=g<l), for example, although it will not be 
limited as 4th nitride semi-conductor in this invention especially if the 1st nitride semi-conductor differs 
from a presentation - although - it is mentioned. It is desirable for raising the crystallinity of a guide 
layer preferably, as the 4th nitride semi-conductor is GaN. Thus, he is trying for its In presentation to 
increase, when it considers as a multilayers layer as two or more 2nd nitride semi-conductors in a 
multilayers layer approach a barrier layer. Although especially the thickness of a monolayer in case a 
guide layer is a multilayers layer is not limited, 100A or less, it is 50A or less still more preferably, and 
is 10A or more 70 A or less more preferably. By being thin and making preferably into the above- 
mentioned single thickness single thickness of each class which constitutes a multilayers layer in 
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addition to crystalline improvement according that it is the multilayers layer in which a guide layer 
comes to contain the 2nd nitride semi-conductor by which the presentation inclination was carried out to 
a presentation inclination, it becomes below the elastic criticality thickness of a nitride semi-conductor, 
and the good guide layer of better crystalline membraneous quality can be grown up. Moreover, in case 
the 4th nitride semi-conductor forms a multilayers layer as it is GaN, crystalline good GaN carries out an 
operation like a buffer layer, it becomes easy to grow up InGaN which is the 2nd nitride semi-conductor 
with sufficient crystallinity, and the crystallinity of the whole guide layer improves. 
[003 1] In this invention, although especially the thickness of n mold and p mold guide layer is not 
limited, it is 2.5-0.05 micrometers still more preferably 3 micrometers or less more preferably 5 
micrometers or less, thickness is the above-mentioned range - crystallinity, Vf, and optical closing - it 
is desirable at a deeper point. 

[0032] Moreover, in this invention, n mold impurity may be doped and n mold guide layer is undoping 
preferably. Since it comes to contain In presentation and n mold is shown even when not doping an 
impurity, when the 2nd nitride semi-conductor is crystalline good undoping, it becomes [ the 
crystallinity of n mold guide layer ] good and is desirable. Moreover, in this invention, p mold impurity 
may be doped and, as for p mold guide layer, p mold impurity is doped preferably. The guide layer 
which comes to contain In presentation is desirable in respect ofdoping p mold impurity in p mold 
guide layer, and making a bulk resistor low etc. in order to show n mold by undoping. 
[0033] With becoming small as In presentation approaches a barrier layer, when consisting of the 1st 
nitride semi-conductor with which it may be doped by which layer which constitutes a guide layer, for 
example, the presentation inclination of the In presentation of a guide layer is carried out, it may be 
adjusted and the impurity may be doped so that it may increase, as a barrier layer is approached, even if 
a constant rate is doped regardless of change of In presentation. 

[0034] Moreover, when a guide layer is a multilayers layer which comes to carry out the laminating of 
the 2nd nitride semi-conductor by which the presentation inclination is carried out, and the 4th nitride 
semi-conductor, although it may be doped by one of layers, or both layers, it crawls on an impurity 
preferably, it is doped by a gap or one side, and is doped by the 4th nitride semi-conductor from a more 
desirable crystalline point. Without reducing crystallinity, if the 4th nitride semi-conductor consists of 
GaN and the impurity is doped by this 4th nitride semi-conductor, when doping an impurity in a guide 
layer, a bulk resistor can be made low and it is desirable. When the impurity is doped by both the 2nd 
nitride semi-conductor and the 4th nitride semi-conductor, even if the amounts of dopes of an impurity 
differ, even when they are the same, they are good, and it is desirable that the high impurity 
concentration of the single nitride semi-conductor layer which adjoins in two or more layers which 
constitute the multilayers layer differs. 

[0035] As n mold impurity used for the guide layer of this invention, and a p mold impurity, the same 
thing as the impurity in which a dope is possible can be mentioned to said cladding layer, n mold high 
impurity concentration in the case of doping n mold impurity in n mold guide layer is three or less 
lxl019-/cm and the most desirable undoping with good crystallinity more preferably three or less 
5xl019-/cm three or less lxl020-/cm. When n mold impurity changes with the inclination of In 
presentation, it is suitably adjusted within the limits of the above-mentioned high impurity 
concentration, p mold high impurity concentration of p mold guide layer is 1x1019 to Ixl016-/cm3 
more preferably three or less 5xl019-/cm three or less lxl020-/cm. p mold high impurity concentration 
is desirable resistance and in respect of crystallinity in it being this range. When changing with the 
inclination of In presentation of high impurity concentration, it is suitably adjusted within the limits of 
the above-mentioned high impurity concentration. 

[0036] Next, as a barrier layer of this invention, it is the single quantum well structure or multiplex 
quantum well structure which comes to contain InbGal-bN (0<=b<l), and is multiplex quantum well 
structure preferably. When it is multiplex quantum well structure, it improves [ a radiant power output ] 
and is more desirable than single quantum well structure. 

[0037] Especially as a barrier layer of this invention, although not limited, long wavelength and the 
thing to which In presentation ratio of a well layer is adjusted so that oscillation wavelength may turn. 
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into long wavelength of 420nm or more preferably are mentioned for oscillation wavelength from 
400nm. Furthermore, as an example of the barrier layer of this invention, when a barrier layer is 
multiplex quantum well structure, as a desirable well layer, b is InbGal-bN of 0.1-0.6, and InbGal-bN 
of 0-0.1 is mentioned for b as a desirable barrier layer in approximation. Moreover, an impurity may be 
doped to both the well layer which constitutes a barrier layer, and both [ either or ]. A threshold falls and 
is desirable when a barrier layer is made to dope an impurity preferably. As an impurity, n mold or p 
mold may be used. As thickness of a well layer, it is 10A or more preferably, and 70A or less 100A or 
less is 30-60A more preferably. Moreover, as thickness of a barrier layer, it is 10A or more preferably, 
and 100A or less 150A or less is 90-150A more preferably. 

[0038] When a barrier layer is multiplex quantum well structure, even if it begins from a barrier layer 
and finishes with a well layer as order of a laminating of the barrier layer which constitutes a barrier 
layer, and a well layer, it begins from a barrier layer, even if it finishes it as a barrier layer, it begins 
from a well layer, and even if it finishes it as a barrier layer, it may begin from a well layer and you may 
finish with a well layer. It is desirable for beginning from a barrier layer preferably, and the thing which 
comes to repeat the pair of a well layer and a barrier layer 2 to 5 times, and the thing which comes to 
repeat the pair of a well layer and a barrier layer 3 times preferably making a threshold low, and raising 
a life property. 

[0039] Although an approximation-example was given also to the above as a concrete value that what is 
necessary is just to have adjusted In presentation ratio so that it might become the oscillation wavelength 
for which it asks as adjustment of In presentation ratio of the well layer of a barrier layer, the value 
calculated, for example from the formula of the following theoretical value can be mentioned as an 
approximation- value. However, since the quantum level which takes quantum well structure is formed, 
the oscillation wavelength which a laser component is actually operated and is obtained has the 
inclination which the energy (Elambda) of oscillation wavelength shifts to a short wavelength side from 
the oscillation wavelength called for from a formula etc. by becoming large like [ bandgap energy / of 
InGaN / (Eg) ] drawing 7. 
[0040] [The formula of a theoretical value] 
Eg=(l-chi) 3.40+1. 95chi-Bchi (1-chi) 

the presentation ratio of bandgap energy chi:In of a wavelength (nm) =1240-/EgEg:InGaN well layer - 
the bandgap energy B:Boeing parameter of bandgap energy 1 .95(eV):InN of 3.40(eV):GaN is shown, 
and it may be l-6eV. Thus, although conventionally referred to as leV from SIMS analysis etc. in the 
latest research, having assumed that there was no distortion in a crystal, the Boeing parameter is changed 
because it is becoming clear for extent which distortion produces by the rate of In presentation ratio, the 
case where thickness is thin, etc. to differ, and to be set to leV or more. 

[0041] Although there is a difference a little, it is adjusted to the oscillation wavelength considered from 
concrete In presentation ratio called for from SIMS analysis of a well layer etc. as mentioned above, and 
the oscillation wavelength at the time of making it actually oscillate so that it may become the 
wavelength for which actual oscillation wavelength asks. 

[0042] In this invention, the layer structure which it is not limited, for example, is shown in said drawing 
1 especially as layer structures other than the above which constitutes a laser component is mentioned, 
and the gestalt of those 1 operations is shown below. 

[0043] The ELOG substrate of selective growth is explained below. In growth of the lengthwise 
direction of a nitride semi-conductor, the selective growth for obtaining an ELOG substrate will not be 
limited, especially if it is the growth approach which can control a rearrangement partially at least using 
growth of the longitudinal direction of a temporary ****** and nitride semi-conductor, or [ for 
example, / that a nitride semi-conductor does not grow on the different-species substrate which consists 
of a different ingredient from a nitride semi-conductor concretely ] - or the nitride semi-conductor of a 
thick film is obtained by a nitride semi-conductor growing from the part in which the protective coat is 
not formed, and growing up to be a longitudinal direction toward a protective coat top by continuing 
growth by forming partially the protective coat which consists of an ingredient which cannot grow 
easily, and growing up a nitride semi-conductor from on the. 
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[0044] It will not be limited especially if it is the substrate which consists of a different ingredient from 
a nitride nitride semi-conductor as a different-species substrate. For example, the sapphire, an insulating 
substrate like a spinel (MgA 1204) which make a principal plane C side shown in drawing 2 5 the Rth 
page, and the Ath page, A different substrates ingredient from the nitride semi-conductor known 
conventionally, such as SiC (6H, 4H, and 3C are included), ZnS, ZnO, GaAs, Si, and an oxide substrate 
that carries out lattice matching to a nitride semi-conductor, can be used. In the above, as a desirable 
different-species substrate, it is sapphire and is C side of sapphire still more preferably. Furthermore, the 
off-angle type of the C side of sapphire is carried out to the shape of a step from the point of being able 
to prevent generating of a detailed crack inside an ELOG substrate, and the thing of the range whose off- 
angle-type angle theta (theta shown in drawing 3 ) is 0.1 degrees - 0.3 degrees is desirable. If the 
property of a laser component becomes it easy to be stabilized that the off angle-type angle theta is less 
than 0.1 degrees, and the inclination a detailed crack becomes easy to generate is in the interior of an 
ELOG substrate and an off angle exceeds 0.3 degrees on the other hand, the field condition of the nitride 
semi-conductor of ELOG growth will become step-like, when component structure is grown up on it, a 
step is emphasized a little and there are short and the inclination which becomes easy to cause a 
threshold rise of a component. The above-mentioned detailed crack is more detailed than the 
rearrangement by difference of the lattice constant of a crystal here, and it is the thing of the inclination 
generated from the interior of an ELOG substrate. 

[0045] On different-species substrates, such as sapphire by which the off angle type was carried out to 
the shape of an above step, a protective coat is formed, once it grows up [ directly or ] a nitride semi- 
conductor, or [ that a nitride semi-conductor does not grow up to be a protective coat front face as a 
protective coat ] ~ or although it will not be limited especially if it is the ingredient which has the 
property to be hard to grow up, the metal which has the melting point of 1200 degrees C or more besides 
oxides, such as silicon oxide (SiOX), silicon nitride (SiXNY), titanium oxide (TiOX), and a zirconium 
dioxide (ZrOX), nitrides, and these multilayers, for example can be used. Si02 and SiN are mentioned 
as a desirable protective coat ingredient. In order to form a protective coat ingredient in front faces, such 
as a nitride semi-conductor, gaseous-phase film production techniques, such as vacuum evaporationo, a 
spatter, and CVD, can be used, moreover ~ being partial (alternative) - in order to form, the protective 
coat which has a predetermined configuration can be formed by producing the photo mask which has a 
predetermined configuration using a photolithography technique, and carrying out gaseous-phase film 
production of said ingredient through the photo mask. Although not limited, especially the configuration 
of a protective coat can be formed, for example in the configuration of the shape of a dot, a stripe, and a 
go board side, and it is formed so that a stripe may become perpendicular to an orientation flat side (Ath 
page of sapphire) in a stripe-like configuration preferably. Moreover, the surface area in which the 
protective coat is formed can obtain the nitride semi-conductor substrate with which the larger one than 
the surface area of the part in which the protective coat is not formed prevents a rearrangement, and has 
good crystallinity. 

[0046] Moreover, the relation between the stripe width of face of a protective coat in case a protective 
coat is a stripe configuration, and the width of face of the part (window part) in which the protective coat 
is not formed is 16-18:3 preferably 10:3 or more. If the stripe width of face of a protective coat and the 
width of face of a window part have the above-mentioned relation, a nitride semi-conductor becomes 
easy to cover a good protective coat, and can prevent a rearrangement good. As stripe width of face of a 
protective coat, it is 1 1-24 micrometers preferably, and 2-5 -micrometer 6-27 micrometers are 2-4 
micrometers preferably as width of face of a window part, for example. Moreover, when forming 
component structure on an ELOG substrate and forming the stripe of a ridge configuration in the 
maximum upper layer of p mold nitride semi-conductor layer, it is desirable for being able to reduce a 
threshold and raising the dependability of a component that the stripe of a ridge configuration is the 
protective coat upper part, and avoids a part for the core of a protective coat, and is formed. This is 
because it is good compared with the crystallinity of the window part upper part, so the crystallinity of 
the nitride semi-conductor of the protective coat upper part is desirable for reducing a threshold. 
Moreover, near the core of a protective coat be a part which the adjoining nitride semi-conductors which 
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grew from the window part join with lateral growth, and when an opening may be produce in such a 
junction part and the stripe of a ridge configuration be form in the upper part of this opening, it be 
because it be easy to spread a rearrangement from an opening working [ a laser component ], so there be 
an inclination for the dependability of a component to deteriorate. 

[0047] Although a protective coat may be directly formed in a different-species substrate, it is desirable 
to make the buffer layer of low-temperature growth form, to have grown up the buffer layer of elevated- 
temperature growth upwards further, and to make it form, although a rearrangement is prevented. For 
example, it is 200 degrees C or more in 900-degree-C or less temperature, and either A1N, GaN, AlGaN 
InGaN, etc. are made to come to grow up by the 10A - hundreds of A thickness number as a buffer layer 
of low-temperature growth. The buffer layer of this low-temperature growth is desirable, although the 
lattice constant injustice of a different-species substrate and the buffer layer of elevated-temperature 
growth is eased and generating of a rearrangement is prevented. As a buffer layer of elevated- 
temperature growth, GaN of undoping, GaN which doped n mold impurity, and GaN which doped Si 
can be used, and it is GaN of undoping preferably. Moreover, 900 degrees C - 1 100 degrees C of these 
nitride semi-conductors grow up to be an elevated temperature and a concrete target on a buffer layer at 
1050 degrees C preferably. Although especially thickness is not limited, 1-20 micrometers is 2-10 
micrometers preferably, for example. 

[0048] Next, upwards the protective coat was formed, selective growth of the nitride semi-conductor is 
carried out, and an ELOG substrate is obtained. In this case, as a nitride semi-conductor to grow up, 
GaN which doped GaN or the impurity (for example, Si, germanium, Sn, Be, Zn, Mn, Cr, and Mg) of 
undoping is mentioned. As growth temperature, 900 degrees C - 1 100 degrees C are more specifically 
grown up at the temperature near 1050 degree C, for example. When the impurity is doped, it is 
desirable although a rearrangement is controlled. The growth after making it grow up by MOCVD 
(organic metal chemical-vapor-deposition method) which is easy to control a growth rate and covering a 
protective coat with the nitride semi-conductor of ELOG growth the first stage grown up on a protective 
coat may be grown up by HVPE (halide vapor growth) etc. 

[0049] Moreover, irregularity can be formed in the nitride semi-conductor which once grew on the 
different-species substrate as a GaN substrate in addition to the above-mentioned approach, a protective 
coat can be formed in a **** pars basilaris ossis occipitalis and/or the heights upper part, and the thing 
make a nitride semi-conductor come to grow up to be again from this can be used. Moreover, the thing 
which comes to form a nitride semi-conductor again can be used in the condition (condition that a 
protective coat is formed in a crevice pars basilaris ossis occipitalis and the heights upper part) of 
forming irregularity in said nitride semi-conductor, and not having a protective coat. 
[0050] Component structure is grown up on the above-mentioned ELOG substrate. First, n mold contact 
layer 2 is grown up on the ELOG substrate 1 . As an n mold contact layer, AlhGal-hN (0 < h<l) whic lfH 
hadjinioldjn^ is grown ufr, and h gr ows up AlhGal-hN 6rcrPK0 ,05 I 

preferably. When n molcf contact layer is tormedlvitHTKFS^uan mixed crystal containing aluminum; — ^ 
even if the detailed crack has occurred in the ELOG substrate 1, propagation of a detailed crack can be 
prevented, generating of the detailed crack to n mold contact layer by difference of the lattice constant of 
the ELOG substrate 1 and n mold contact layer which were the further conventional trouble, and a 
coefficient of thermal expansion can be prevented, and it is desirable. As an amount of dopes of n mold 
impurity, it is three to 5x101 8/cm3 of 1x101 8-/cm. n electrode is formed in this n mold contact layer 2. 
As thickness of n mold contact layer 2, it is 1-10 micrometers. Moreover, it is desirable for crystallinity 
becoming good, if AlhGal-hN (0< h<l) of undoping may be grown up and the layer of this undoping is 
grown up between the ELOG substrate 1 and n mold contact layer 2, and raising a life property. The 
thickness of an undoping n mold contact layer is several micrometers. 

[0051] Next, the crack prevention layer 3 is grown up on n mold contact layer 2. As a crack prevention 
layer 3, InjGal-jN (0.05<=j<=0.2) of Si dope is grown up, and j grows up InjGal-jN of 0.05-0.08 
preferably. Although it is omissible, this crack prevention layer 3 is desirable although generating of the 
crack in a component is prevented, when the crack prevention layer 3 is formed on n mold contact layer 
2. As an amount of dopes of Si, it is 5xl018-/cm3. Moreover, in case the crack prevention layer 3 is 
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grown up, when the mixed-crystal ratio of In is enlarged G>=0.1) ? the crack prevention layer 3 can 
absorb the light which emits light from a barrier layer 6 and began to leak from n mold cladding layer 4, 
can prevent turbulence of the far field pattern of a laser beam, and is desirable. As thickness of a crack 
prevention layer, it is the thickness of extent which does not spoil crystallinity, for example, is 
specifically 0.05-0.3 micrometers. 

[0052] Next, n mold cladding layer 4 is grown up on the crack prevention layer 3. As an n mold 
cladding layer 4, it is as having described above. 

[0053] Next, n mold guide layer 5 is grown up on n mold cladding layer 4. As an n mold guide layer 5, 
it is as having described above. 

[0054] Next, a barrier layer 6 is grown up on n mold guide layer 5. As a barrier layer, it is as having 
described above. 

[0055] Next, p mold electronic confining layer 7 is grown up on a barrier layer 6. At least one or more 
layers which consist of AldGal-dN(s) (0< d<=l) of Mg dope are made to come to grow up as a p mold 
electronic confining layer 7. d is AldGal-dN of Mg dope of 0.1-0.5 preferably. 10-1000A of thickness 
of p mold electronic confining layer 7 is 50-200A preferably. The electron in a barrier layer 6 can be 
shut up good as thickness is the above-mentioned range, and a bulk resistor can also be stopped low, and 
it is desirable. Moreover, the amount of dopes of Mg of p mold electronic confining layer 7 is three to 
Ixl021/cm3 of lxl019-/cm. reducing a bulk resistor as the amount of dopes is this range — in addition, 
Mg can be spread good and p mold guide layer 8 which is a thin film layer can be made to contain Mg in 
the range of three to 1x101 8/cm3 of 1x101 6-/cm to p mold guide layer grown up by the below- 
mentioned undoping Moreover, when p mold electronic confining layer 7 is grown up at the temperature 
into which low temperature, for example, an about 850-950-degree C barrier layer, is grown up, and the 
same temperature, it can prevent decomposition of a barrier layer and is desirable. Moreover, p mold 
electronic confining layer 7 may consist of two-layer [ of the layer of low-temperature growth, and the 
layer grown up at the temperature of about 100 degrees C from an elevated temperature, for example, 
the growth temperature of a barrier layer ]. Thus, if it consists of two-layer, since the layer of low- 
temperature growth will prevent decomposition of a barrier layer and the layer of elevated-temperature 
growth will reduce a bulk resistor, it becomes good on the whole. Although especially the thickness of 
each class in case p mold electronic confining layer 7 consists of two-layer is not limited, 10-50A and an 
elevated-temperature growth phase have [ a low-temperature growth phase ] 50-1 50A desirable 
[ moreover, ]. 

[0056] Next, p mold guide layer 8 is grown up on p mold electronic confining layer 7. As a p mold 
guide layer 8, it is as having described above. 

[0057] Next, p mold cladding layer 9 is grown up into p mold guide layer 8. As a p mold cladding layer, 
it comes out as described above. 

[0058] Next, p mold contact layer 10 is grown up on p mold cladding layer 9. The nitride semi^ ~V 
cond uctor layer which consists of GaN of Mg dope is made to come to grow up as ag mold contact \ 
layer. Uuckn ess is 10-200A Jhe^ounl ^ dopes of Mg is three to Ixl022/cm3 oflxl019-/cm = By \ 
adjusti ng the amount of dopes of suchTHicknes s and Mg, the carrier concentration of p mold contact I 

layer rises, and itj^com^s-to-be-easy with ohmic ** of p ****** _ / 

[0059] InTHe*component of this invention, the stripe of a ridge configuration is formed by being etched 
from p mold contact layer and etched to under surface (substrate side) than p mold contact layer. For 
example, the stripe which it comes to etch from p mold contact layer 1 0 as shown in drawing 1 to the 
middle of p mold cladding layer 9, or the stripe which it comes to etch from p mold contact layer 10 to n 
mold contact layer 2 is mentioned. 

[0060] As shown in drawing 1 , the insulator layer which has a value smaller than the refractive index of 
a laser waveguide field is formed in the flat surface of the nitride semi-conductor layer which followed 
the side face and its side face of the stripe of the ridge configuration etched and formed. As an insulator 
layer formed in the side face of a stripe etc., the oxide with which a refractive index has the value of the 
about 1.6 to 2.3 neighborhood and with which a kind of element chosen from the group which it 
becomes from Si, V, Zr, Nb, Hf, and Ta is included at least, BN, A1N, etc. are mentioned, for example, 
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and they are any one or more sorts of elements of the oxide of Zr and Hf, and BN preferably, p electrode 
is formed in the front face of p mold contact layer 10 which is furthermore in the maximum upper layer 
of a stripe through this insulator layer. As width of face of the stripe of the ridge configuration etched 
and formed, 0.5-4 micrometers is 1-3 micrometers preferably. It turns into [ for the width of face of a 
stripe to be this range / the level transverse mode / tend ] a single mode and is desirable. Moreover, 
when etching is missing from a substrate side and is made rather than the interface of p mold cladding 
layer 9 and a laser waveguide field, it is desirable although an aspect ratio is brought close to 1 . As 
mentioned above, it becomes [ the amount of etching of the stripe of a ridge configuration, stripe width 
of face, **** which the laser beam of a single mode will be obtained and will bring an aspect ratio close 
circularly further if the refractive index of the insulator layer of the side face of a stripe etc. is specified 
further and a laser beam, or a lens design ] easy and is desirable. Moreover, in the component of this 
invention, conventionally, p electrode, n electrode, etc. can choose well-known various things suitably, 
and can use them. 

[0061] Moreover, in this invention, growth of a nitride semi-conductor can apply all the approaches 
learned although a nitride semi-conductor is grown up for MOVPE (metal-organic chemical vapor 
deposition), MOCVD (organic metal chemical-vapor-deposition method), HVPE (halide vapor growth), 
MBE (molecular beam epitaxy method), etc. 
[0062] 

[Example] The example which is the gestalt of 1 operation of this invention is shown below. However, 
this invention is not limited to this. 

[0063] The nitride semiconductor laser component which is the gestalt of 1 operation of this invention 
shown in drawing 1 as a [example 1] example 1 is manufactured. Moreover, as indicated to the detailed 
description, since the actual oscillation wavelength by the shift to the short wavelength by formation of 
the quantum level which takes quantum well structure etc. differs from the value of the formula of the 
theoretical value of In presentation ratio, In presentation ratio of the barrier layer of an example is an 
approximation- value. 

[0064] C side by which the off-angle type was carried out to the shape of a step as a different-species 
substrate as shown in drawing 3 - a principal plane ~ carrying out - the off-angle-type angle of theta= 
0.15 degrees, the step level difference of about 20A, and the terrace width of face W - it is about 800A, 
and a cage hula side is made into the Ath page, and a step prepares silicon on sapphire perpendicular to 
the Ath page. This silicon on sapphire is set in a reaction container, temperature is made into 510 
degrees C, hydrogen is used for carrier gas, ammonia and TMG (trimethylg^llium) are used for material 
gas, and the bu ffer layer of the l ow-temperature growth which consists ofyGajy on silicon on sapp hi 
gr own up by 200 A thicknes s. If only TMG is stopped after buffer layer grdwfh, temperature is raise3 
lTJftTTclegrees C and it becomes 1050 degrees C, TMG, ammonia, and silane gas will be used for 
material gas, and the b uffer layer of the elevat ed-temperature growth which consists of GaMof undoping 
will be grown up by 5 -micrometer thickness. i Next, a stripe-like photo rriasFisTormed on the wafeF ' 
which carried out thelaminating of the buffer layer of elevated-temperature growth, and the protective 
coat which consists of Si02 with a stripe width of face [ of 18 micrometers ] and a width of face [ of a 
window part ] of 3 micrometers with a CVD system is formed by 0.1 -micrometer thickness. The 
direction of a stripe of a protective coat is a perpendicular direction to the Ath page of sapphire. A wafer 
is moved to a reaction container after protective coat formation, and at 1050 degrees C, TMG and 
ammonia are used for material gas, and the nitride semi-conductor layer which consists of GaN of 
undoping is grown up by 15-micrometer thickness, and let it be the ELOG substrate 1. Laminating 
growth of the following component structures is carried out on the obtained ELOG substrate 1 . 
[0065] [(Undoping n mold contact layer) It is not illustrated by drawing 1 .] 

n mold contact layer which uses TMA (trimethylaluminum), TMG, and ammonia gas for material gas at 
1050 degrees C, and consists of aluminumO.05GaO.95N of undoping on the ELOG substrate 1 is grown 
up by 1 -micrometer thickness. 

(n mold contact layer 2) Next, at the same temperature, TMA, TMG, and ammonia gas are used for 
material gas, silane gas (SiH4) is used for impurity gas, and n mold contact layer 2 which consists of 
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aluminumO.05GaO.95N which doped Si 3x101 8-/cm3 is grown up by 3-micrometer thickness. A 
detailed crack does not occur in grown-up n mold contact layer 2, but generating of a detailed crack is 
prevented good, moreover, propagation of a crack detailed by growing up n mold contact layer 2 even if 
the detailed crack has arisen in the ELOG substrate 1 — it can prevent — crystalline good component 
structure ** length - last thing is made. A crystalline improvement becomes better from the case of 
only n mold contact layer 2 by growing up an undoping n mold contact layer as mentioned above. 
[0066] (Crack prevention layer 3) Next, temperature is made into 800 degrees C, TMG, TMI 
(trimethylindium), and ammonia are used for material gas, silane gas is used for impurity gas, and the 
crack prevention layer 3 which consists of InO.08GaO.92N which doped Si 5x101 8-/cm3 is grown up by 
0. 1 5-micrometer thickness. 

[0067] (n mold cladding layer 4) Next, the 3rd nitride s emi-conductor which consis ts of GaN which 
temper ature was made into 1050 degrees C, TMA, I MG, and ammonia were u sed Tor material gas, and 
the 1 sfrutride semi -conductor which consists of aluminumO.15GaO.86N of undoping was g rown up by 
25 A thickness, thenltoped Si forJ^MA-5xiai.8^ci^^ as a stop and i mpuri ty gas is" 

grown up by 25XtRick nessT Andthis actuation is repeated 140 times, respectively, TEe "laminating of the 
1st nitride^ grni^conductor and the 3rd nit ride sem i-conductor is carried out, and n mold claddin g layer 4 
which consists of multilayers (superstructure) of The 70 00 A of the total thi ckness is grown up. However, 
aluminumpresentation of ffieTst nitride semi-conductor of the 2nd henceforfH^djusts~the-flow-rate of - 
TMA of material gas so that it may decrease gradually, and the presentation inclination of the aluminum 
presentation is carried out so that it may be set to GaN by which aluminum presentation is not included 
in the 140th nitride semi-conductor [ 1st ]. 

[0068] (n mold guide layer 5) Next, temperature is made into 850 degrees C, TMI, TMG, and ammonia 
are used for material gas, and the 2nd nitride semi-conductor which consists of IndGal-dN of undoping 
is grown up by 25 A thickness, then the 4th nitride semi-conductor which consists TMI of GaN of a stop 
and undoping is grown up by 25A thickness. And this actuation is repeated 40 times, respectively, the 
laminating of the 2nd nitride semi-conductor and the 4th nitride semi-conductor is carried out, and n 
mold guide layer which consists of a multilayers layer of the 2000A of the total thickness is grown up. 
However, the 1st value of d which shows In presentation ratio of the 2nd nitride semi-conductor is set to 
0, 2nd henceforth enlarges the value gradually, and the presentation inclination of the In presentation is 
carried out so that the value of d of the 2nd nitride semi-conductor which is approaching the barrier layer 
most may be set to 0. 1 . - — 

[0069] (Barrier layer 6) Next, temp erature is made into 80 0 de grees C TML TMG. and ammonia are 
us ed for material gas, and the^arrier layer which consists of InO.OK ^aO^N which doped SLSxlOl 8r 
/cm3 is g rown up by 100A thickness, using silane g as as impurity gas.^Chen, the well layer which, 
consi sts silane gas of a stop and In0.3Ga0.7N of undoping is grown up by 30A thickness. This actuation 
is re peated 4 timgs and the barrier layer 6 of the mujti^x^uantum well structure ( M QW) of the 620A 
of thelo tal thickness which ca rried o ut the lam inating of the barr ier laverJO-theJast is grown up. 
[0070] (p mold electronic confining layer 7) Next, TMA, TMG, and ammonia are used for material gas ~" 
at the same temperature, and p mold electronic confining layer 7 which consists of aluminum0.4Ga0.6N 
which doped Mg Ixl019-/cm3 is grown up by 100 A thickness, using Cp2Mg (magnesium . 
cyclopentadienyl) as impurity gas. 

[0071] (p mold guide layer 8) Next, the 4th nitride semi-conductor which consists of GaN which 
temperature was made into 850 degrees C, TMI, TMG, and ammonia were used for material gas, and the 
2nd nitride semi-conductor which consists of IndGal-dN of undoping was grown up by 25 A thickness, 
then doped Mg for TMI 5xl018-/cm3, using Cp2Mg as a stop and impurity gas is grown up by 25 A 
thickness. And this actuation is repeated 40 times, respectively, the laminating of the 2nd nitride semi- 
conductor and the 4th nitride semi-conductor is carried out, and p mold guide layer which consists of a 
multilayers layer of the 2000A of the total thickness is grown up. However, the 1st value of d which 
shows In presentation ratio of the 2nd nitride semi-conductor is set to 0.1, 2nd henceforth makes the 
value small gradually, and the presentation inclination of the In presentation is carried out so that the 
value of d of the 2nd furthest nitride semi-conductor from a barrier layer may be set to 0. 
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[0072] ( gjrtold cladd ing layer 9) Next, the 2nd nitride semi-conductor which consists of G aN which 
temperatu re was mad e"iniol?00 !ie^ were used for m aterial g as, and 

the 1st nitride semi-conduc tor which consists of AlaGal-aN of undoping was grown up by 25 A ~ 
thickness,ih gn_dope d MglorTW/C51 ClW8~/<m3, using Cp2Mg as a stop and impurity^gas is grown up 
by 25 A thickness. Andlhis actualionls r epeated H Ojirnes, respectively ,ThiTraminating of th e' 1st nitride 
semi-c onductor and theJ jfjQii^ carried out, and p mold cladding layer 9~ wKich 

consists of multilayers ( supe rstructu re)^^ the totallHiclm essjs^r owirup. However, the 1st 

value of a which shows aluminum presentation ratio of the 1st nitride semi-conductor is set to 0, 2nd 
henceforth enlarges the value of a gradually, and the presentation inclination of the aluminum 
presentation is carried out so that the value of a of the 1st furthest nitride semi-conductor from a barrier 
layer may be set to 0. 1 5. 

[0073] (p mold contact layer 10) Next, TMG and ammonia are used for material gas at the same 
temperature, and p mold contact layer 10 which consists of GaN which doped Mg Ixl020-/cm3 is 
grown up by 150A thickness, using Cp2Mg as impurity gas. 

[0074] Annealing is performed for a wafer at 700 degrees C among nitrogen-gas-atmosphere mind after 
reaction termination and in a reaction container, and p type layer is further formed into low resistance. A 
wafer is picked out from a reaction container after annealing, the protective coat which consists of Si02 
is formed in the front face of the p side contact layer of the maximum upper layer, and it etches by SiC14 
gas using RIE (reactive ion etching), and as shown in drawing 4 , the front face of the n side contact 
layer 2 which should form n electrode is exposed. Next, mostly, as shown in drawing 4 (a), after 
forming the 1st protective coat 61 of the p side contact layer 10 of the maximum upper layer which 
consists of an Si oxide (mainly Si02) by 0.5-micrometer thickness with PVD equipment, the mask of a 
predetermined configuration is covered on the 1st protective coat 61, and the 3rd protective coat 63 
which consists of a photoresist is formed in the whole surface by 1 micrometer in stripe width of face of 
1 .8 micrometers, and thickness. Next, as shown in drawing 4 (b), said 1st protective coat is etched by 
using the 3rd protective coat 63 as a mask using CF4 gas after the 3rd protective coat 63 formation and 
with RIE (reactive ion etching) equipment, and it considers as the shape of a stripe. By processing with 
an etching reagent after that and removing only a photoresist, as shown in drawing 4 (c), the 1st 
protective coat 61 with a stripe width of face of 1 .8 micrometers can be formed on the p side contact 
layer 10. 

[0075] Furthermore, as shown in drawing 4 (d). after the 1st protective coat 61 formation of the shape of 
a stripe, the p side contact layer 10 and the p side cladding layer 9 are again etched using SiC14 gas by 
RIE, and the stripe of a ridge configuration with a stripe width of face of 1 .8 micrometers is formed. 
However, the stripe of a ridge configuration is the upper part of the protective coat formed when 
performing ELOG growth, as shown in drawing 1 , and it is formed so that a part for the core of a 
protective coat may be avoided. A wafer is transported to PVD equipment after ridge stripe formation, 
and as shown in drawing 4 (e), the 2nd protective coat 62 which consists of a Zr oxide (mainly Zr02) is 
continued and formed by 0.5-micrometer thickness on the p side cladding layer 9 exposed by etching the 
1st protective coat 61 top. Thus, if Zr oxide is formed, in order to take the insulation of a p-n side, 
stability of the transverse mode can be aimed at and it is desirable. Next, as it is immersed in fluoric acid 
and a wafer is shown in drawing 4 (f), the 1st protective coat 61 is removed by the lift-off method. 
[0076] Next, as shown in drawing 4 (g), the p electrode 20 which consists of nickel/Au is formed in the 
front face of the p side contact layer which the 1st protective coat 61 on the p side contact layer 10 was 
removed, and was exposed. However, as stripe width of face of 100 micrometers, the p electrode 20 is 
gone across and formed on the 2nd protective coat 62, as shown in this drawing. The n electrode 21 
which consists of Ti/aluminum is formed in the front face of the n side contact layer 2 exposed as shown 
in drawing 1 in a direction parallel to a stripe after the 2nd protective coat 62 formation. 
[0077] After grinding the silicon on sapphire of the wafer which formed n electrode and p electrode as 
mentioned above and being referred to as 70 micrometers, in a direction perpendicular to a stripe-like 
electrode, cleavage is carried out to the shape of a bar from a substrate side, and a resonator is produced 
to a cleavage plane (the 1 1 to 00th page, the field equivalent to the side face of a hexagonal prism-like 
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crystal = Mth page). The dielectric multilayers which consist of Si02 and Ti02 are formed in a 
resonator side, and, finally it considers as a laser component as cut a bar and shown in drawing 1 in a 
direction parallel to p electrode. In addition, as for cavity length, it is desirable to be referred to as 300- 
500 micrometers. The obtained laser component was installed in the heat sink, wire bonding of each 
electrode was carried out, and laser oscillation was tried at the room temperature. Consequently, in a 
room temperature, the continuous oscillation whose oscillation wavelength is about 455nm in threshold 
2.5 kA/cm2 and threshold electrical-potential-difference 5V is checked, and a room temperature shows 
the life of 1 000 hours or more. 

[0078] In the [example 2] example 1, p mold guide layer and p mold cladding layer are made to be the 
following, and also a laser component is produced similarly. 

[0079] Make temperature into 850 degrees C and TMI, TMG, and ammonia are used for material gas. (p 
mold guide layer 8) The 1st nitride semi-conductor [ 2nd ] which consists of In0.1Ga0.9N which doped 
Mg 1x101 8-/cm3 is grown up by 50A thickness, using Cp2Mg as impurity gas. Then, the 2nd nitride 
semi-conductor [ 2nd ] which consists of InGaN which the flow rate of material gas was adjusted so that 
In presentation might become less than the 1st nitride semi-conductor [ 2nd ], and also doped Mg 
1x101 8-/cm3 similarly is grown up by 50A thickness. Thus, p mold guide layer which repeats actuation 
so that In presentation of the 2nd nitride semi-conductor may decrease gradually, and carries out the 
laminating of two or more 2nd nitride semi-conductors with which In presentations differ as GaN in 
which In presentation is not included to the 2nd furthest nitride semi-conductor from a barrier layer and 
by which the presentation inclination of the In presentation of the 750A of the total thickness is carried 
out is grown up. 

[0080] Next, make temperature into 900 degrees C and TMG and ammonia are used for material gas. (p 
mold cladding layer 9) Grow up the 1st nitride semi-conductor [ 1st ] which consists of GaN which 
doped Mg 5xl018-/cm3 by 25 A thickness, using Cp2Mg as impurity gas, add TMA as material gas, and 
also it is made the same. The 2nd nitride semi-conductor [ 1st ] which consists of AlaGal-aN which 
doped Mg 5x101 8-/cm3 is grown up by 25 A thickness. Thus, p mold cladding layer 9 which carries out 
the laminating of two or more 1st nitride semi-conductors with which aluminum presentations differ as 
actuation is repeated so that aluminum presentation of the 1st nitride semi-conductor may increase 
gradually, and the 1st furthest nitride semi-conductor from a barrier layer serves as aluminumO.2GaO.8N 
and by which the presentation inclination of the aluminum presentation of the 5 000 A of the total 
thickness is carried out is grown up. The obtained laser component considered laser oscillation good 
almost similarly as the example 1 . 

[0081] In the [example 3] example 1, n mold, p mold guide layer, n mold, and p mold cladding layer are 
made to be the following, and also a laser component is produced similarly. 
[0082] Temperature is made into 1050 degrees C. To material gas TMA, (n mold cladding layer 4) 
Silane gas is used as impurity gas using TMG and ammonia. The 1st nitride semi-conductor [ 1st ] 
which consists of aluminumO.2GaO.86N which doped Si 5x101 8-/cm3 is grown up by 25A thickness. 
Then, the 2nd nitride semi-conductor [ 1st ] which there were few aluminum presentations than the 1st 
nitride semi-conductor [ 1st ], and also doped Si 5x101 8-/cm3 similarly is grown up. Thus, n mold 
cladding layer which repeats actuation so that aluminum presentation may decrease gradually, and 
carries out the laminating of two or more 1st nitride semi-conductors with which aluminum 
presentations differ as GaN in which the 1st nitride semi-conductor which is approaching the barrier 
layer most does not include aluminum presentation and by which the presentation inclination of the 
aluminum presentation of the 7000A of the total thickness is carried out is grown up. 
[0083] (n mold guide layer 5) The 2nd nitride semi-conductor [ 2nd ] which consists of InGaN of 
undoping in which make temperature into 850 degrees C, use TMG and ammonia for material gas, and 
grow up the 1st nitride semi-conductor [ 2nd ] which consists of GaN of undoping by 3 OA thickness, 
TMI is added as material gas, and also In presentation is included for a while similarly is grown up by 
30 A thickness. Thus, actuation is repeated so that In presentation of the 2nd nitride semi-conductor may 
increase gradually, the 2nd nitride semi-conductor which turns into the 2nd nitride semi-conductor 
which is approaching the barrier layer most from In0.1Ga0.9N is grown up, and n mold guide layer 
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/ which carries out the laminating of two or more 2nd nitride semi-conductors with which In presentations 
' differ and by which the presentation inclination of the In presentation of the 750A of the total thickness 
is carried out is grown up. 

[0084] (p mold guide layer 8) As a p mold guide layer, the same thing as said example 2 is grown up. 
[0085] (p mold cladding layer 9) As a p mold cladding layer, the same thing as said example 2 is grown 
up. 

[0086] The obtained laser component considered laser oscillation good almost similarly as the example 
1, although the life property fell a little as compared with the example 1. Moreover, since the multilayers 
layer is not formed, growth time amount can be shortened compared with an example 1 . 
[0087] In the [example 4] example 3, p mold cladding layer is made to be the following, and also a laser 
component is produced similarly. 

[0088] (p mold cladding layer 9) Next, the B horizon which consists of GaN which TMA, TMG, and 
ammonia were used for material gas, and the A horizon which consists of aluminum0.1Ga0.9N of 
undoping was grown up by 25 A thickness, then doped Mg for TMA 5x101 8-/cm3 at the same 
temperature, using Cp2Mg as a stop and impurity gas is grown up by 25 A thickness. And this actuation 
is repeated 100 times, respectively, the laminating of an A horizon and the B horizon is carried out, and 
p mold cladding layer 9 which consists of multilayers (superstructure) of the 5 000 A of the total 
thickness is grown up. 

[0089] The obtained laser component can perform an example 3 and laser oscillation good almost 
similarly. 

[0090] In the [example 5] example 3, n mold guide layer and p mold cladding layer are made to be the 
following, and also a laser component is produced similarly. 

[0091] (n mold guide layer 5) Next, TMG and ammonia are used for material gas at the same 
temperature, and n mold guide layer which consists of GaN of undoping is grown up by 0.075- 
micrometer thickness. 

[0092] (p mold cladding layer) p mold cladding layer grows up the same thing as the above-mentioned 
example 4. 

[0093] The obtained laser component can perform an example 3 and laser oscillation good almost 
similarly. 

[0094] In the [example 6] example 3, p mold guide layer and p mold cladding layer are made to be the 
following, and also a laser component is produced similarly. 

[0095] Temperature is made into 800 degrees C. To material gas Next, TMI, (p mold guide layer 8) The 
2nd nitride semi-conductor which consists of In0.2Ga0.8N of undoping is grown up by 50A thickness 
using TMG and ammonia. Then, the 4th nitride semi-conductor which consists of GaN which doped Mg 
for TMI 5xl018-/cm3, using Cp2Mg as a stop and impurity gas is grown up by 50A thickness. And this 
actuation is repeated 20 times, respectively, the laminating of the 2nd nitride semi-conductor and the 4th 
nitride semi-conductor is carried out, and p mold guide layer which consists of a multilayers layer of the 
2000 A of the total thickness is grown up. However, the presentation inclination of the In presentation of 
the 2nd nitride semi-conductor has not been carried out. 

[0096] (p mold cladding layer) p mold cladding layer grows up the same thing as the above-mentioned 
example 4. 

[0097] The obtained laser component can perform an example 3 and laser oscillation good almost 
similarly, although a life property falls a little as compared with an example 3. 
[0098] In the [example 7] example 1, p mold electronic confining layer 7 is made to constitute from 
two-layer as follows, and also a nitride semiconductor laser component is produced similarly. 
Temperature is made into 800 degrees C. To material gas TMA, (p mold electronic confining layer 7) 
Cp2Mg (magnesium cyclopentadienyl) is used as impurity gas using TMG and ammonia. Grow up the 
A horizon of the low-temperature growth which consists of aluminum0.4Ga0.6N which doped Mg 
5xl018-/cm3 by 30A thickness, and temperature is continuously made into 900 degrees C. p mold 
electronic confining layer 7 which consists of two-layer [ of the A horizon of low-temperature growth to 
which the B horizon of the elevated-temperature growth which consists of aluminum0.4Ga0.6N which 
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doped Mg 5x101 8/cm3 is made to come to grow up by 70 A thickness, and the B horizon of elevated- 
temperature growth ] is grown up. The laser beam of long wavelength oscillates like an example 1, and 
the obtained laser component has a good life property. 

[0099] In the [example 8] example 1 , in case the crack prevention layer 3 is grown up, the presentation 
ratio of In is set to 0.2, the crack prevention layer 3 which consists of In0.2Ga0.8N which doped Si 
5xl018-/cm3 is grown up by 0.1 5 -micrometer thickness, and also a laser component is produced 
similarly, the obtained laser component — an example 1 — the same — a long wave — merit's laser beam 
oscillates, it has a good life property, light is further emitted by the barrier layer 6, and it is leakage from 
n mold cladding layer - the light carried out is absorbed within a laser component (clad prevention layer 
3) good, and a far field pattern becomes fitness from an example 1 . 
[0100] 

[Effect of the Invention] By carrying out a presentation inclination and growing up a guide layer and a 
cladding layer as mentioned above, this invention can ease distortion concerning a crystal, can raise 
crystallinity, such as a guide layer and a barrier layer, and can offer the nitride semiconductor laser 
component which can obtain the laser beam of long wavelength. 

[Translation done.] 
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